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Abstract— The trend analysis was carried out using non-parametric Mann-Kendall trend test for Kano using a long term 100 years 
rainfall data. In other to assess the short term, seasonal, annual and long term droughts, the study employed the Standardized 
Precipitation Index (SPI) to 3, 6, 9, 12 and 24 month time scales using the rainfall time series data. The SPI values computed for all the 
time scales revealed a non significant increasing trend for the entire study period (1911-2010), while period 1911-1995 revealed a 
significant decreasing trend especially in August, September and October. For comparison between different time periods, the 100 years 
series was sub-divided into 30 years overlapping time period. Period 1951-1980 and 1961-1990 revealed the highest number of 
statistically significant downward trend. The Z values from Mann-Kendall test ranges from 4.05 to -2.86, which shows how erratic the 
rainfall could be in Kano. All the analyzed months for periods 1911-1940, 1971-2000, 1981-2010 and 1941-1970 (except May in 1941-
1970) showed a general increasing trend for all the time scales. However, periods 1971-2000 and 1981-2010 showed a significant 
increasing trend which implies that rainfall over the station is at the increase. The value of the slope ranges between -0.053 and 0.118 
for all the time scales. High slope values were more prevalent in the higher time scales 
Keywords—Mann-Kendall, Standardized Precipitation Index, Increasing trend, Time Scales 
———————————————————— 
 
1 INTRODUCTION 
rought is a treacherous natural hazard characterized 
by lower than normal precipitation that, when 
prolonged, is insufficient to meet the demands of human 
activities and the environment. (WMO, 2006). It is often 
referred to as a creeping phenomenon that develops 
slowly and has a prolonged existence, occasionally over a 
period of years (WMO, 2006). It occurs in both dry and 
humid regions of the world. It is a normal part of climate, 
not withstanding that its spatial extent and severity varies 
on seasonal and annual timescales (WMO 2006).  
 
Drought can be grouped into five categories, depending 
on the variable that is used to describe the droughts 
namely meteorological drought; Hydrological drought; 
Agricultural drought, socioeconomic drought and ground 
water drought (Mishra and Singh, 2010). Meteorological 
drought can be said to be the shortage of rainfall in near 
or above normal conditions. Agnew, 1990 defined 
meteorological drought as the deviation of precipitation 
from normal over an extended period of time. 
Hydrological drought is associated with a deficiency in 
bulk water supply. It includes water levels in streams, 
rivers, lakes, reservoirs and aquifers.  Hydrological 
drought is related to negative anomalies in surface and 
sub-surface water (Van Loon, 2015).  
 
Groundwater drought and stream flow drought are at 
times defined differently as below-normal groundwater 
levels and below-normal river discharge, correspondingly 
(Van Loon 2015). Drought occurrences and reoccurrences 
have been reported in Nigeria for decades (Aremu, 2011; 
Ayoade, 1988). As a common natural disaster, its 
occurrence plays an important role in the way of life and 
the survival of living and non-living organism at large.  
*Corresponding Author 
It occurs generally as a result of climatic change variable 
factors such as precipitation deficiency, high temperature, 
high wind,  low relative humidity, greater sunshine, 
reduced infiltration, run off, deep percolation and ground 
water recharge, less cloud cover, increase evaporation and 
transpiration rates which are made worse by human 
activities such as deforestation, bush burning, overgrazing 
and poor cropping methods that reduce water retention of 
the soil (Abubakar  and Yamusa, 2013; Adegboyega et al. 
2016).The drought that occurred between 1972 and 1973 in 
Northern Nigeria resulted into death of over 3,000 animals 
while crop yield dropped by about 60% (Alatise and 
Ikumawoyi, 2007).  
 
In the few of the drought trend studies that have been 
undertaken all over the world (Piccarreta et al, 2004; Xu et 
al, 2011) the Standardized Precipitation Index (SPI) has 
acquired a widespread application for describing and 
comparing droughts (Nalbantis and Tsakiris, 2009; Siti et 
al, 2012). The World Meteorological Organization (WMO) 
has recommended the use of the SPI for extensive use by 
all national Meteorological and Hydrological services to 
ascertain Meteorological drought and complement local 
drought indices currently being used. SPI was developed 
by McKee et al. (1993) in order to know the effect of 
precipitation deficits in both the short period that mainly 
impacts agriculture, and long period which impacts water 
resources (Siti et al. 2012). 
 
In Kano, many studies have been undertaken detecting 
rainfall trends but there are only a few on drought trends. 
Therefore, this study is aimed at detecting if there is a 
statistically significant trend in Standardized Precipitation 
Index (SPI) in Kano by applying Mann-Kendall trend test 
using a 100 years long term rainfall data.  
D 
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2 MATERIAL AND METHODS 
2.1 Location and description of study area 
 
Kano state is located between latitudes 100 33’N and 120 
23’N and longitudes 70 45’E and 90 29’E as seen in Figure 
1. It is bordered to the North East by Jigawa state, to the 
North West by Kastina, to the South West by Kaduna and 
to the South East by Bauchi state. The climate of the area is 
the tropical dry and wet strongly associated with the 
movement of the Inter-Tropical Discontinuity (ITD). The 
wet season lasts from May to mid-October with a peak in 
August while the dry season extends from mid-October of 
one calendar-year to mid-May of the next (Abaje et al., 
2014). The mean annual rainfall is between 800mm to 
900mm, and the mean annual temperature is about 260C. 
 
2.2  Data used 
100 years monthly rainfall data (1911-2010) for Kano 
station (12.03’N, 08.12’E), obtained from Nigerian 
Meteorological Agency (NIMET) was used for this study. 
The station has elevation of about 472.5m.  
 
2.3  Methods of analysis 
2.3.1 SPI calculation 
Mathematically, SPI can be calculated based on the 
equation below: 
 
…………………...…………………………...1 
 
Where xi is the monthly rainfall record for the station; xn is 
the average rainfall for the period; and σ is the standard 
deviation for the period of study. The 100 years monthly 
rainfall time series was used as an input to the SPI 
program. The program was downloaded from 
http://www.drought.unl.edu/monitor/spi/program/spipro
gram.htm#program. 
 
The SPI (McKee et. al, 1993) is a powerful, flexible index 
that is simple to calculate (WMO 2012). Precipitation is the 
only required input parameter. In addition, it is just as 
effective in analyzing wet periods/cycles as it is in 
analyzing dry periods/cycles. Input and output files were 
created and SPI values for 3, 6, 9 and 12 and 24-month 
time scales were computed. 
 
2.3.2 Mann-Kendall Test 
Mann-Kendall test is a statistical test widely used for the 
analysis of trend in climatologic (Mavromatis and Stathis, 
2011) and in hydrologic time series Yue and Wang, (2004). 
It has been recommended by the World Meteorological 
Organisation (WMO) to find out the actuality of 
statistically significant trends in climate and hydrologic 
data time series. The advantage of this test is that it does 
not compulsorily require the data to be normally 
distributed. According to the test, the null hypothesis of 
no trend, H0, is tested against the alternative hypothesis, 
H1, where there is either an increasing or decreasing 
monotonic trend. The Mann-Kendall test statistics S is 
computed with the equation:  
 
 
….………...……..…..3 
 
Where n is the number of data, x is the data point at times 
j and k, j > k. The variance of S [VAR(S)] is calculated as 
follows 
 
 
Where p is the number of tied groups and is the number 
of data values in the qth group. The test statistic Z is 
computed as follows using the values of S and VAR(S); 
 
 
 
The Z value is used to evaluate the presence of a 
statistically significant trend in which a positive value of Z 
indicates an upward trend and a negative value denotes a 
downward trend. In other to test for either a downward or 
an upward monotonic trend, (a two tailed test) at α level 
of significance, H0 ought to be rejected if the absolute 
value of Z is greater than Z(1-α/2), where Z(1-α/2) is obtained 
from the standard normal cumulative distribution tables. 
In this study, the tested significance levels α are 0.001, 
0.01, 0.05 and 0.1. Significance level of 0.001 shows that 
there is 0.1% probability that the values xi are from a 
random distribution and with such probability we make a 
mistake to reject H0 of no trend. Correspondingly, the 
significance level 0.1 signifies that there is a 10% 
probability that we make a mistake rejecting H0. 
 
 
Fig. 1. Map of Nigeria showing the study area (Kano 
State) 
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2.3.3 Sens’s slope estimator 
The Sen’s slope estimator uses a simple non-parametric 
procedure developed by Sen (1968) to estimate the slope. 
To obtain an estimate of the slope Q, the slope Qi of all 
data pairs are calculated as follows 
 
 
where xj and xk are thought to be data values at times j and 
k. The median of these N values of Qi correspond to Sen’s 
estimator of slope and is computed by 
 
 if N is odd ………………………….…………..7 
 
if N is even…………………………...8  
 
A 100(I-α) % two-sided confidence interval about the 
slope estimate is obtained by the nonparametric technique 
based on the normal distribution (Drápela and Drápelová, 
2011). Positive value of Qi denotes an upward or 
increasing trend and a negative value shows a downward 
or decreasing trend in the time series. 
3 RESULTS AND DISCUSSION 
From figure 2, bulk of the rainfall within a year is 
concentrated between May and September with August 
having the highest amount (Mohammed et al, 2015). The 
annual rainfall showed a mono modal pattern as 
confirmed by Iloeje, (1981).  The months from November 
to February has very insignificant rainfall as a result of the 
influence of the dry north east trade wind during these 
months. From figure 3, analysis reveals that the average 
annual rainfall over Kano was 882mm during the study 
period. The lowest rainfall was recorded in 1913 
(483.8mm), 1944 (484.1mm) and 1973 (416.1mm), while the 
highest rainfall was recorded in 1998 (1869.3mm), 2001 
(1789.4mm) and 2007 (1493.7mm). 
 
The trend analysis of annual rainfall time series in figure 3 
by Mann Kendall test revealed a non significant general 
increase in the amount of precipitation over the study 
period. SPI for multiple time scales of 3, 6, 9, 12, and 24 
months was applied to the station in order that the 
severity of the drought can be well estimated both for the 
short and long term situation. 
 
3 month SPI indicate short and medium term moisture 
situation, 6-month SPI could be associated with unusual 
stream-flows and reservoir levels depending on the region 
and time of year, 9 months SPI bridges a short-term 
seasonal drought to the longer-term droughts which may 
become hydrological, or multi-year in nature, while 12 
and 24 months SPI is usually tied to stream-flows and 
reservoir levels (WMO 2012, NIMET 2011). Increasing 
trend of SPI implies an increasing drought condition and 
vice versa. 
 
In other to monitor the dry condition, the dry part is 
divided into near normal situations (-0.99 ≤ SPI < 1.0), 
moderate drought (-1.49 ≤ SPI < -1.0), severe drought (-
1.99 ≤ SPI < -1.50) and extreme drought (SPI ≤ -2.0).  A 
drought event begins when the SPI value gets to -1.0 and 
terminates when it becomes positive again (McKee et al., 
1993). From the calculation of the SPI, the lowest value for 
3-month time scale is -3.84 in October 1987, -3.32 for 6-
months time scale in December 1987, -3.33 for 9 months 
time scale in April 1988, -2.53 for 12 months time scale in 
June 1988. From the graphs, it can be seen that in the 
shorter time scale, the dry and wet month periods have a 
 
 
 
 
 
 
 
 
Fig. 4. SPI time series for (a) 3 month; (b) 6 month; (c) 9 
month; (d) 12 month; and (e) 24 month 
 
Fig. 3. Trend Analysis of Annual Rainfall over Kano 
 
Fig. 2. 100 Years Average Monthly Rainfall over Kano 
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high temporal frequency, but however, the frequency 
decreases with increasing time scale.  
 
Analysis of 3 months SPI time series from 1911 to 2010 
from figure 4 revealed that significant or extreme drought 
having 3 month time scale happened in 1944, 1949, 1956, 
1965, 1968, 1973, 1983, 1984, 1987, 1989, 1991 and 2002. The 
SPI values were less than -2.0 in these years and by 
implication, it means that Kano was affected by extreme 
drought for three months in the listed years.  
 
Analysis of 6–months SPI time series shows that extreme 
drought event having 6 months time scale occurred in 
1944, 1950, 1956, 1965, 1968, 1969, 1973, 1974, 1983, 1984, 
1985, 1987, 1988, 1989, 1992 and 2002 in different months. 
Analysis of 9-months SPI time series shows that extreme 
drought event with 9-months time scale happened in 
1914, 1944, 1950, 1969, 1973, 1974, 1983, 1984, 1985, 1988, 
1989 and 2008. Analysis of 12-months SPI time series 
reveals that extreme drought event of 12 months time 
scale was experienced in 1914, 1969, 1973, 1974, 1984, and 
1988 in different months. Analysis of 24–months SPI time 
series shows that extreme drought event having 24 
months time scale occurred in 1974, 1984 and 1985 in 
different month. However, the analysis showed that the 
station have experienced a short and medium term fall of 
moisture condition, unusual stream flows and reservoir 
level decrease as a result of prolonged fall in rainfall 
condition. These could be disastrous to the rain fed 
agricultural production in the area. 
 
From figure 5, the number of occurrences of extreme 
events (i.e both wet and dry events) and moderate 
drought increases with increasing time scale from the 
times series analysis of all the time scale from 1911 to 
2010. The number of occurrences of severe drought event 
increases with increasing time scale except for the 24 
month time scale. However, the number of extreme 
drought occurrences decreases with increasing time sake 
for 6 months time scale. The trend analysis of each time 
scale for the study period shows that there is a little 
decrease in drought events on a general basis. For 
comparison, the series of 100 years data were subdivided 
into 30 years overlapping time interval for 3, 6, 9 and 12 
month time scale in other to compare one period to the 
other. The test Z was obtained from Mann-Kendall (MK) 
trend test, Q values as obtained from Sen’s slope estimator 
and regression from regression analysis. The Z statistics 
from Mann Kendall trend test for SPI values from the four 
time scales are shown in table 2.  
 
From table 2, period 1911-1995 revealed a statistically 
significant decreasing trend especially in August, 
September and October (ASO) except for the 12 months 
time scale in which all the months showed a significant 
decreasing trend. Period 1911-2010 showed a non 
significant increasing trend all through the time scales. 
Regression and Sen’s slope were negative all through in 
period 1911-1995 and positive in period 1911-2010 for all 
the time scale.  
 
From table 3, period 1951-1980 and 1961-1990 revealed the 
highest number of statistically significant downward 
trend. The Z values from Mann-Kendall test ranges from 
4.05 to -2.86, which shows how erratic the rainfall could be 
Table 2. Z values from Mann-Kendall test for 3, 6, 9 and 
12 months drought trend analysis 
 
 
Fig. 5. Number of Occurrence of Extreme Events 
Table 1. Mann-Kendal trend test Z, Sen’s slope Q and 
Regression for 3, 6, 9 and 12 Month 
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in Kano. All the analyzed months for periods 1911-1940, 
1971-2000, 1981-2010 and 1941-1970 (sake for May in 1941-
1970) showed a general increasing trend for all the time 
scales. However, periods 1971-2000 and 1981-2010 showed 
a significant increasing trend which imply that rainfall 
over the station is at the increase as confirmed by 
Mohamed et al., 2015, Ezenekwe et al, 2013, Aremu 2013 
and Buba 2010. Periods 1921-1950, 1931-1960, 1951-1980 
and 1961-1990 all showed a decreasing trend for all the 
analyzed time scale. Periods 1951-1980 and 1961-1990 
showed a statistically significant decreasing trend for all 
the time scale which suggest that the station experienced 
severe drought situation in these periods. Also, the 12 
month time scale gives the highest positive and negative Z 
value.  
 
From table 4, periods 1911-1940, 1971-2000, 1981-2010 and 
1941-1970 (except May in 1941-1970) showed a general 
increasing trend for all the time scales. The signs of the 
Sen’s slope were almost consistent with that of Mann 
Kendall. The value of the slope ranges between -0.053 and 
0.118 for all the time scales. High slope values were more 
prevalent in the higher time scales. 
4  CONCLUSION 
The study aimed at revealing potential drought trends in 
Kano applying the Mann-Kendall trend test. The 
revelation of these changes provides important 
information for management of water resources. 100 years 
data series were subdivided into different time periods for 
good comparison. This study examined the whole time 
period 1911-2010, 1911-1995 period and other 30 years 
overlapping time periods for 3, 6, 9, and 12 month SPI 
time scales.  
All the SPI time scales showed a non significant increasing 
trend for the whole time period. The 1911-1995 period 
revealed a statistically significant decreasing trend 
especially in August, September and October (ASO) 
except for the 12 months time scale in which all the 
months showed a significant decreasing trend. Also, 
period 1911-2010 showed a non significant increasing 
trend all through the time scales which implies that there 
is an improvement in rainfall of the station in the recent 
years. Regression and Sen’s slope estimator were negative 
throughout the period 1911-1995 and positive in all 
through the period 1911-2010 for all the time scale. 
Though the drought situation in the station is on the 
better side, but drought as a natural occurrence should not 
be taken lightly as a reoccurrence can be disastrous 
without any proactive measures in place to reduce the 
impact as climate change is no longer illusive but very 
real. Therefore, the government should put in place the 
necessary agencies and parastatals that will always be on 
the alert to attend to issues arising from drought 
occurrences in other to lessen its impact on the populace. 
 
REFERENCES 
Abaje, I.B., Ndabula, C., and Garba, A.H. (2014). Is The Changing 
Rainfall Patterns of Kano State and its Adverse Impacts an 
Indication of Climate Change? European scientific journal, vol.10, 
No.2, pp. 192-206. 
Abaje, I.B., Ati, O.F., Iguisi, E.O. and Jidauna, G.G. (2013). Droughts 
in the Sudano-Sahelian Ecological Zone of Nigeria: Implications 
for Agriculture and Water Resources Development, Global Journal 
of Human Social Science Research, Vol.13, No. 2-B, pp. 1-10. 
Abubakar, I. U. and Yamusa, M (2013). A Recurrence of Drought in 
Nigeria: Causes, Effects and Mitigation, International Journal of 
Agriculture and Food Science Technology, Vol. 4, No. 3, pp. 169-180. 
Adegboyega, S. A., Olajuyigbe, A. E., Balogun, I. and Olatoye, O. 
(2016). Monitoring drought and effects on vegetation in Sokoto 
state, Nigeria using statistical and Geospatial techniques, Ethiopian 
Journal of Environmental Studies & Management, vol. 9, No. 1, pp. 56 
– 69, 2016.  
Agnew, C.(1990). Spatial Aspects of Drought in the Sahel, J. Arid 
Environ, vol. 18, pp. 279-293. 
Alatise, M., Ikumawoyi, O. (2007). Evaluation of Drought from 
Rainfall Data for Lokoja. A Confluence of Two Major Rivers, ejpau 
vol. 10, No. 1, #05. 
Aremu, J. K. (2011). “Combating and Mitigating Drought and 
Desertification in Northern Nigeria” JEHETR, vol. 1, No.2. 
Ayoade, J. O. (1988). Introduction to Climatology for the Tropics, Ibadan, 
Oyo state: Spectrum Books Ltd. 
Bhalme, H. N., and Mooley, D. A. (1980). Large-Scale 
Droughts/Floods and Moonsoon Circulation, Mon.Wea.Rev, 108, 
pp. 1197-1211. 
Buba, L. F. (2010). Spatio temporal rainfall and temperature variation in 
Northern Nigeria. Unpublished doctoral dissertation, Bayero 
University Kano, Nigeria. 
Drápela,  K. and Drápelová, I. (2011). Application of Mann-Kendall 
test and the Sen's slope estimates for trend detection in deposition 
Table 3. Sen’s slope values for 3, 6, 9 and 12 month 
drought trend analysis 
 
FUOYE Journal of Engineering and Technology, Volume 1, Issue 1, September 2016                            ISSN: 2579-0625 (Online), 2579-0617 (Paper) 
 
 
FUOYEJET © 2016                    110 
engineering.fuoye.edu.ng/journal 
 
 
data from Bílý Kr  íz (Beskydy Mts., the Czech Republic) 1997-2010. 
Brno, vol. 4, No. 2, pp. 133–146. 
Ezenekwe, l. N., Ezemonye, M. and Emeribe, C. N. (2013). An 
Appraisal of the Characteristics of Rainfall in Kano, British Journal 
of Advance Academic Research, vol 2, No. 1, pp. 20-28 
Hamid, A., Morteza, M., Shamsuddin, S., Sahar, H., Mostafa, S.and 
Peiman, R. (2014). Spatio-temporal Characteristics of Droughts and 
Drought Trends in Qazvin Province of Iran,  Res. J. Appl. Sci. Eng. 
Technol., vol. 8, No. 11, pp. 1299-1311. 
Iloeje, N. P. (1981). A New Geography of Nigeria, UK. Longman. 
Mishra, A. K., and Singh, V. P. (2010). A review of drought concepts, 
Journal of Hydrology, vol. 391, No. 2, pp. 202–216. 
Mavromatis T. and Stathis D. (2011). Response of the Water Balance 
in Greece to Temperature and Precipitation Trends, Theoretical and 
Applied Climatology, vol. 104, pp. 13-24. 
Mckee, T.B., Doesken, N.J. and Kleist, J. (1993). The Relationship of 
Drought Frequency and Duration to Time Scales. In: Proceedings 
of the 8th Conference on Applied Climatology, vol. 17. (pp.179-183). 
Anaheim, USA: American Meteorological Society. 
Mohammed, M. U., Abdulhamid, A., Badamasi, M. M. and Ahmed, 
M. (2015). Rainfall Dynamics and Climate Change in Kano, 
Nigeria. Journal of Scientific Research & Reports, vol. 7, No. 5, pp. 
386-395. 
Olatunde, A. F. (2011b). Trends in Drought Occurrence and 
Implications for Water Resources in the Sudan-Sahel Region of 
Nigeria, International Journal of Environmental Issues, vol. 8, No. 1, 
P 145. 
Nalbantis, I. and Tsakiris, G. (2009). Assessment of Hydrological 
Drought Revisited, Water Resources Management, vol. 23, pp. 881-
897. 
Piccarreta, M., Capolongo, D. and Boenzi, F. (2004). Trend analysis of 
precipitation and drought in Basilicata from 1923 to 2000 within a 
southern Italy context, International Journal of Climatology, vol. 24, 
No. 7, pp. 907-922. 
Sen, P. K. (1968). Estimates of the Regression Coefficient Based on 
Kendall's Tau, Journal of the American Statistical Association, vol. 63, 
1379-1389. 
Siti, R.,  Niranjali, J. and Muhammed, B. (2012). Trend analysis of 
drought using Standardised Precipitation Index (SPI) in Victoria, 
Australia, In: Hydrology and Water Resources Symposium vol. 34, (pp. 
441-448), Sydney, Australia. 
Timo, S., Anu, M., Pia A., Tuija, R and Toni, A. (2002). Detecting 
trends of annual values of atmospheric pollutants by the Mann-
Kendall test and Sen’s slope estimates –the Excel template 
application MAKESENS, Finland: Finnish Meteorological Institute 
Publications on air quality, Helsinki, No. 31, pp. 1-35. 
Van Loon, A. F. (2015). Hydrological drought explained: a review. 
WIREs Water , vol. 2, pp. 359–392. 
World Meteorological Organization, (2012). Standardized 
Precipitation Index User Guide, (Ed. M. Svoboda, M. Hayes and D. 
Wood.). WMO. No. 1090, Geneva. 
World Meteorological Organization (2006). Drought monitoring and 
early warning: concepts, progress and future challenges. WMO. 
No. 1006, Geneva. 
Xu, Y. P., Lin, S. J., Huang, Y., Zhang, Q. Q and Ran, Q. H. (2011). 
Drought analysis using multi-scale standardized precipitation 
index in the Han River Basin, China, Journal of Zhejiang University – 
Science, vol. A, No. 12, pp. 483-494. 
Yue S. and Wang, C. (2004). The Mann-Kendall Test Modified by 
Effective Sample Size to Detect Trend in Serially Correlated 
Hydrological Series, Water Resources Management, vol. 18, pp. 201–
218. 
 
 
 
 
